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ZERO BACKLASH DRIVE MECHANISM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention is related to the ?eld of gearing. More 

particularly, the invention is related to the ?eld of sec 
tional rotary bodies. In still greater particularity, the 
invention is a backlash take-up device. By way of fur 
ther characterization, but not by way of limitation 
thereto, the invention is a device for applying a lateral 
force to a driving nut in order to maintain intimate 
contact between the threads of the driving nut and the 
threads of a rotating shaft. 

2. Description of the Prior Art 
Backlash, a common problem with any ordinary 

drive mechanism, is mainly due to dimensional clear 
ance between mating components. The performance 
and accuracy of a drive mechanism is related to, and 
limited by, the amount of backlash within the mecha 
nism. It is not only impractical, but also prohibitively 
costly, to perfectly match every component within 
every drive mechanism to achieve zero backlash. There 
are numerous anti-backlash drive mechanism designs in 
existence today. Many of these devices load the drive 
nuts which are threaded onto the lead screw in order to 
maintain thread contact between the drive nuts and lead 
screws. This loading is done in an axial direction. For 
example, one such device disclosed in US Pat. No. 
4,279,173 issued to F. G. Krebs et al. on July 21, 1981 
discloses such a device. That is, Krebs employs a spring 
loaded split nut to accomplish zero backlash. The pre 
loading force is supplied by a spring and is applied 
vertically to the nuts such that force is exerted in oppo 
site directions on the lead screw. The rotation of the 
lead screw tends to wind and unwind the spring loading 
apparatus. In clinical laboratory instruments such as 
diluters on dispensers, precise amounts of liquids must 
be dispensed. That is, in a clinical assay the volume 
ratios are critical to the accuracy of the test being per 
formed. Thus, precise movement of the driving mecha 
nism is required in order to displace these precise vol 
umes. While the above described types of anti-backlash 
mechanisms are suited for their intended purposes, they 
tend to be costly and complicated. These devices re 
quire a separate guide rod and anti-rotation devices. 

SUMMARY OF THE INVENTION 

The invention is a zero backlash driving apparatus 
which includes a shaft having a threaded portion 
thereon. A means for rotating the shaft is connected 
thereto. A driving member is threadably engaged with 
the drive portion of the shaft. There is a means associ 
ated with the driving member for loading the driving 
member with a force which is directed toward the shaft 
and perpendicular to the axis of the shaft. 

In the preferred embodiment, the driving member is a 
nut threaded onto the threaded portion of the shaft. A 
guide block is slidably engaged with the guide portion 
of the shaft. A force bracket is connected to the driving 
nut and includes a means for urging the bracket away 
from the lead screw. A spring is attached to the guide 
block and contacts over the opposite end of the force 
bracket to urge the force bracket toward the shaft in the 
area of the guide block. The force bracket is thus piv 
oted around the urging means such that a force is ex 
erted by the force bracket or the driving nut to load the 
nut with a force directed toward the shaft. This results 
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2 
in the threads of the driving nut being held in intimate 
contact with the threads on the shaft. 

BRIEF DISCUSSION OF THE DRAWINGS 

FIG. 1 is a perspective view of the apparatus; 
FIG. 2 is a side sectional view taken along line 2-2 

in FIG. 1; 
FIG. 3 is a sectional view taken along line 3-3 in 

FIG. 2; 
FIG. 4 is a sectional view taken along line 4——4 in 

FIG. 2; 
FIG. 5 is a sectional view taken along line 5——5 in 

FIG. 1; and 
FIG. 6 is a perspective view of the force bracket. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, the apparatus includes a shaft 11 
connected to a rotating means which may include a 
stepper motor 12. Shaft 11 includes a threaded portion 
13. A guide block 14 is slidably engaged with shaft 11. 
A drive nut 15 is threadably engaged with the threaded 
portion 13 of shaft 11. A force bracket 16 is pivotally 
attached to a frame member 17 at point 20. Frame mem 
ber 17 is attached to guide block 14 and driving nut 15. 
A pair of rollers 18 are connected to force bracket 16. 
Rollers 18 are free to roll along the front surface of a 
housing 19. A resiliently biasing means, which may 
include a spring 21 is attached to frame 17 at attachment 
point 22. A drive bracket 23 is connected to driving nut 
15. 

Referring to FIG. 2, shaft 11 is held in housing 19 at 
upper bearing 24 and lower bearing 25. Upper bearing 
24 is axially pre-loaded to eliminate any axial clearance 
between shaft 11, lower bearing 25 and housing 19. 
Guide block 14 is slidable up and down on shaft 11. 
Force bracket 16 is pivotally connected to driving nut 
15 at points 20. Roller 18 provides a low friction rolling 
motion between shaft 11 and drive nut 15 as well as 
providing a counter force between force bracket 16 and 
housing 19 as discussed below. Drive bracket 23 is con 
nected to drive nut 15. Drive nut 15 is connected to 
guide block 14 by a frame member 17. Spring 21 is 
connected to guide block 14 at attaching points 22. 

Referring to FIG. 3, a sectional view along line 3-3 
in FIG. 2 illustrates the engagement of guide block 14 
with shaft 11. Guide block 14 is preferably made of a 
low friction material such as Te?on and is free to move 
up and down shaft 11. Guide block 14 connects to frame 
17 which is also connected to driving nut 15 in FIG. 2. 
Spring 21 is connected to frame member 26 at anchor 
points 22. Spring 21 extends around the upper portion 
of force bracket 16. 

Referring to FIG. 4, a sectional view through line 
4-4 in FIG. 2 illustrates the arrangement of driving nut 
15 and shaft 11. Driving nut 15 is threadably engaged 
with threaded portion 13. Driving nut 15 is connected 
to frame member 17 which is itself connected to drive 
bracket 23. Force bracket 16 is pivotally connected to 
frame member 17 at anchor points 20. 

Referring to FIG. 5, a sectional view taken through 
line 5-5 in FIG. 1 is shown. Threaded portion 13 of 
shaft 11 is engaged with drive nut 15. Drive nut 15 is 
preferably made of Te?on or other low friction mate 
rial. Teeth 27 on drive nut 15 include a ?attened crest 
portion 28. Teeth 29 on threaded portion 13 also include 
a ?at crest portion 31. A space 32 exists between ?at 
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tened crest portion 28 and the root portion 33 of threads 
29 as well as between crest portion 31 and the nut por 
tion 34 of threads 27. 

Referring to FIG. 6, a perspective view of force 
bracket 16 is shown illustrating rollers 18 and pivot 
points 34 which engage with anchor point 20 on frame 
member 17 as shown in FIG. 4. 

MODE OF OPERATION 

Referring to FIG. 1, it is desired to move drive 
bracket 23 up and down in order to precisely move a 
plunger in a syringe or other device in order to dispense 
?uids in an analytical instrument. As disclosed previ 
ously, it is extremely important that precise amounts of 
?uid are dispensed and thus zero backlash is required in 
the drive mechanism to accurately dispense the liquid 
from the syringe. Stepper motor 12 rotates shaft 11 in 
order that the drive nut 15 is moved up and down on the 
threaded portion 13 of shaft 11. Because drive bracket 
23 is attached to drive nut 15 it is also moved up and 
down in this manner. Drive bracket 23 is connected to 
the syringe. 

In order to provide zero backlash, it is necessary to 
insure intimate contact between the threads of drive nut 
15 and the threads of threaded portion 13 on shaft 11. 
Referring to FIG. 2, a force is exerted on drive nut 15 
by force bracket 16. That is, viewing the device in FIG. 
2, a force is exerted by force bracket 16 to the right on 
drive nut 15. This is accomplished by employing spring 
21 at the top portion of force bracket 16. Spring 21 is 
attached to frame 17 and spring 21 fits over the upper 
portion of force bracket 16. The upper portion of force 
bracket 16 urges guide block 14 toward shaft 11 by the 
tension in spring 21 in combination with the force ex 
erted by rollers 18 away from shaft 11. Thus backlash 
associated with clearances between guide block 14 and 
shaft 11 is eliminated. Prior art devices employing sepa 
rate guide rods require separate anti-backlash mecha 
nisms. 
As can be seen from FIGS. 1 and 2, rollers 18 may 

move up and down housing 19. These rollers provide a 
pivot point upon which the force of spring 21 to the left 
in FIG. 2 will thus exert an opposite force to the right 
against drive nut 15. The effect of this force is to keep 
the threads of drive nut 15 in intimate contact with the 
threads 29 on threaded portion 13 of shaft 11. As can be 
more clearly seen in FIG. 5, the force to the right 
against drive nut 15 allows the threads 27 of drive nut 15 
to be held tightly against threads 29 on shaft 11. The 
magnitude of the forces depend upon the distances be 
tween the contact points and the tension in spring 21. 
These parameters are based upon engineering design 
parameters depending upon the type of material used 
and are not essential to this disclosure. 
Wear may occur between the contacting portions of 

threads 28 on driving nut 15 and threads 29 on shaft 11. 
This wear is dependent upon the amount of usage and 
the materials chosen for the threads. FIG. 5 illustrates 
how zero backlash is maintained despite the wear en 
countered. Crest portions 28 on threads 27 of drive nut 
15 and crest portions 31 on threads 29 on drive shaft 11 
are flat. Thus, there is a clearance space 32 between the 
crest portions and root portions of the threads as they 
threadably engage. Because a force is always exerted to 
the right in FIG. 5 against drive nut 15 there is no clear 
ance between the contacting portions until the clear 
ance area 32 is zero. At this point the flat crest 28 be 
comes essentially pointed and contacts root portion 3'3 
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4 
in the threads 29 of shaft 11. This condition will nor 
mally exceed the useful life of the device. The invention 
will still bias the nut against the shaft but the ?at crests 
ensure more positive contact. 

Because a drive block and drive nut are used on one 
shaft the device eliminates the alignment problem 
which is associated with separate lead screw, shaft and 
guide rod device previously employed. That is, in these 
previous devices rotational and lateral movement was 
prevented by a second shaft which was needed to stabi 
lize the carriage as it traveled up and down a threaded 
portion of the shaft. Such is the case with all devices 
employing split nuts and the like as was discussed in the 
description of the prior art herein. In the present case, 
because the loading on the drive nut need only take 
place at one point, the upper guide block may be used as 
a guide and slidably engaged with the shaft. Backlash 
associated with the guide block is also eliminated as 
discussed above. In addition, the eccentricity problem 
associated with long circular shafts is also diminished 
and compensated for because of tension spring 21 which 
maintains a constant tension against the shaft. The use of 
the rolling ball bearings 18 on force bracket 16 to pro 
vide the pivot point for the force results in a much 
lower frictional force between shaft 11 and housing 19 
than in previous systems. 
While the invention has been disclosed with respect 

to a preferred embodiment thereof, it is not to be so 
limited as changes and modi?cations may be made 
which are within the full intended scope of the claims. 
For example, while spring 21 has been disclosed as a 
single spring connected to guide block 14, and wrapped 
around force bracket 16, it is possible that separate 
springs may be used which are connected to guide 
block 14 and force bracket 16. The preferred embodi 
ment allows for easy disassembly, however. In addition, 
while Te?on has been disclosed as the preferred mate 
rial for guide block 14 and drive nut 15, any suitable 
material may be used. While nut 15 is contemplated as 
being internally threaded it is possible that only the 
portion of nut 15 which contacts threaded portion 13 in 
FIG. 5 may be threaded. Also, while ?at crests have 
been disclosed to ensure spaces 32, it is possible that a 
differently pitched thread could be used such that a gap 
would occur between the crest of one thread and the 
root of the opposing thread. In addition, while a stepper 
motor has been disclosed as the rotating means, any 
type of rotating driving means may be employed advan 
tageously with the device. The thrust of the invention is 
the exertion of a lateral force on the driving nut in order 
to compensate for the backlash clearances. This is as 
opposed to axially directed forces in prior art devices. 
A novel and unobvious device has been disclosed 

herein. The description contained herein allows one 
skilled in the art to make and use this device. 
What is claimed is: 
1. A zero backlash driving apparatus comprising: 
a shaft including a threaded portion and a smooth 

portion; 
means, connected to said shaft, for rotating said shaft; 
a driving member threadably engaged with said 

threaded portion; 
a guide member slidably engaged with said smooth 

portion; 
a force bracket including a ?rst end adjacent said 

guide member and a second end ajacent said driv 
ing member; 
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means for providing a pivot point on said force 
bracket intermediate said ?rst and second ends; 

means movably supporting said pivot point for pro 
viding a force away from said shaft countering the 
force of said pivot point toward said shaft; 

means for resiliently biasing said ?rst end toward said 
guide member; and 

means for transferring force from said second end to 
said driving member. 

2. An apparatus as in claim 1 wherein said resiliently 
biasing means includes a spring attached to said guide 
member. 

3. An apparatus as in claim 2 wherein said spring is 
wrapped around said ?rst end of said force bracket. 

4. A zero backlash driving apparatus comprising: 
a shaft including a threaded portion and a smooth 

portion; 
means, connected to said shaft, for rotating said shaft; 
a driving member threadably engaged with said 

threaded portion; 
a guide member slidably engaged with said smooth 

portion; 
a force bracket including a ?rst end adjacent said 

guide member and a second end adjacent said driv 
ing member; 

a housing within which said shaft is rotatably re 
tained, said housing including a surface parallel to 
said shaft; 

means for pivoting said force bracket about said sur 
face intermediate said ?rst and second ends; 
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6 
means for resiliently biasing said ?rst end toward said 

guide member; and 
means for transferring force from said second end to 

said driving member. 
5. An apparatus as in claim 4 wherein said means for 

I pivoting includes a roller ?xed to said force bracket, 

15 

25 

35 

45 

50 

55 

65 

said roller adapted to travel along said surface. 
6. A zero backlash driving apparatus comprising: 
a shaft including a threaded portion and a smooth 

portion; 
means, connected to said shaft, for rotating said shaft; 
a driving member threadably engaged with said 

threaded portion; 
a guide member slidably engaged with said smooth 

portion; 
a force bracket including a ?rst end adjacent said 

guide member and a second end adjacent said driv 
ing member; 

a housing within which said shaft is rotatably re 
tained, said housing including two coplanar sur 
faces parallel to said shaft; 

two rollers ?xed to said force bracket, each of said 
rollers adapted to travel along a respective one of 
the said two surfaces to provide a pivot point for 
said force bracket; 

a spring connected between said guide member and 
said ?rst end for biasing said ?rst end toward said 
guide member; and 

means for transferring force from said second end to 
said driving member. 
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